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(54) Semiconductor processing apparatus 

(57) A suppression electrode assembly (18) com- 
prises an electrode suppression plate (40) constructed 
of a material having substantial strength and durability 
and has an aperture seat (76) with an opening (72) de- 
fined therein. An aperture insert (80) constructed from 



graphite is slidably engageable with the aperture seat 
(76). The aperture insert (80) defines an elongated slit 
(84) which is in general alignment with the aperture seat 
opening (72) when the aperture insert (80) is installed 
in the seat (76). 
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Description 

TECHNICAL FIELD OF THE INVENTION 

This invention is related In general to the field of s 
semiconductor processing apparatus. More particularly, 
the invention is related to an ion implantation suppres- 
sion electrode assembly. 

BACKGROUND OF THE INVENTION 10 

Ion Implantation is an important processing step in 
manufacturing semiconductor devices. In the ion im- 
plantation process, a beam of impurity ions is acceler- 
ated to kinetic energies ranging from several keV to sev- i5 
eral MeV and directed onto the surface of the semicon- 
ductor. A typical ion implanter ionizes the desired impu- 
rity gas in an arc chamber and the ions are extracted by 
an energized extraction electrode assembly into an ac- 
celeration tube toward the semiconductor. 20 

The extraction electrode assembly typically in- 
cludes two electrodes, a suppression electrode and an 
extraction electrode. As the ions are drawn out of the 
arc chamber or ion source, they pass through an aper- 
ture in the suppression electrode and toward an aper- 25 
ture in the extraction electrode. The majority of the ions 
pass through the extraction electrode aperture, but 
some strike the extraction electrode and generate sec- 
ondary electrons. These secbndary electrons are drawn 
by the highly positive source and accelerate toward it 30 
The striking of the secondary electrons on the ion source 
would have resulted in the release of X-rays. However, 
these secondary electrons are stopped by the suppres- 
sion electrode so that the generation of X-rays is greatly 
minimized. 35 

In addition to extracting the ions from the arc cham- 
ber, the extraction electrode assembly further performs 
beam steering and focusing functions. The extraction 
electrode can be tilted and moved relative to the station- 
ary ion source to center and focus the ion beam. 40 

Because the suppression electrode is subjected to 
bombardment of high energy ions, the aperture is worn 
down quickly. A worn aperture may no longer have a 
well-defined opening and cannot steer and focus the ion 
beam in an effective manner. Because the suppressk)n 
electrode is manufactured from a fragile material, typi- 
cally graphite, careless mishandling also can easily 
damage the aperture and the electrode itself. Careless- 
ness during the alignment process while installing the 
suppression electrode also may chip the aperture. . so 
When the aperture is damaged, the entire suppression 
electrode must be replaced, which is costly. Further, be- 
cause of the porous and hydrophilic properties of graph- 
ite, substantial time is required to completely pump out 
the extraction chamber and out gas the suppression 55 
electrode after maintenance and servicing. 



SUMMARY OF THE INVENTION 

Accordingly, there is a need for a more durable and 
cost effective suppression electrode. 

In accordance with the present invention, a sup- 
pression electrode assembly is provided which elimi- 
nates or substantially reduces the disadvantages asso- 
ciated with prior suppression electrodes used in ion im- 
planters. 

In one aspect of the invention, a suppression elec- 
trode assembly comprises an electrode suppression 
plate constructed of a material having substantial 
strength and durability and that has an aperture seat 
with an opening defined therein. An aperture Insert con- 
structed from graphite is slidably engageable with the 
aperture seat. The aperture insert which defines an 
elongated slit is In general alignment with the opening 
in the aperture seat when the aperture insert is installed 
in the seat. 

A technical advantage of the present invention is 
the durability of the suppression electrode and the dis- 
posability of the aperture insert. When worn or damaged 
beyond acceptable limits, the fragile aperture inserts 
may be replaced easily with a new one. Because the 
suppression electrode plate is constructed from durable 
materials such as stainless steel, it is substantially more 
resistant to possible damage caused by mishandling. 
Further, since the suppressbn electrode is constructed 
from a less porous and hydrophilic material than graph- 
ite, considerably less time is required to evacuate the 
extraction chamber to achieve vacuum after mainte- 
nance and servicing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, 
reference should be made to the accompanying draw- 
ings, in which: 

FIGURE 1 is a simplified block diagram of an ion 
source and extraction electrode assembly; 

FIGURE 2 is a top view of a suppression plate con- 
structed according to the teachings of the present 
invention; 

FIGURE 3 is a cross-sectional side view of the sup- 
pression plate taken along lines 3-3 in FIGURE 2; 

FIGURE 4 is a top view of an aperture insert con- 
structed according to the teachings of the present 
invention; 

FIGURE 5 is a side view of the aperture insert con- 
structed according to the teachings of the present 
invention; and 

FIGURE 6 is a cross-sectional view of the aperture 
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insert taken along 6-6 in FIGURE 5. 
DETAILED DESCRIPTION OF THE INVENTION 

The preferred ennbodimenl(s) of the present inven- s 
tion is (are) illustrated in FIGURES 1-6. like reference 
numerals being used to refer to like and corresponding 
parts of the various drawings. 

Referring to FIGURE 1. an extraction electrode as- 
sembly 10 is shown positioned in front of an ion source io 
12. Ion source 12 is an arc chamber 14 containing an 
highly energized and ionized impurity gas 16, such as 
lx)ron. Extraction electrode assembly 10 includes a first 
electrode 1 8 placed at a predetermined distance in front 
of arc chamber 14, and a second electrode 20 placed is 
behind first electrode 18. First electrode 18 is commonly 
called the suppression electrode, and second electrode 
20 is commonly called the extraction electrode. 

Suppression electrode 18 may have more than one 
aperture to allow the passage of extracted Ions at differ- 20 
ent energies. When suppression electrode 18 has two 
apertures 22 and 24, it is sometimes referred to as a 
dual-slit electrode, such as one used in model NV-20A 
manufactured by Eaton Corporation, Beverly, Massa- 
chusetts. Typically, suppression electrode 18 is con- 25 
structed out of an inert but fragile material, such as 
graphite. 

In operation, extraction electrode 20 is charged and 
maintained at a voltage significantly lower or more neg- 
ative than the arc chamber potential to attract and ex- 30 
tract the positive Ions 16 out of arc chamber 14 through 
an arc chamber aperture 30. The ions then pass through 
aperture 22 or 24 in suppression electrode 18 and pass 
through an aperture 32 in extraction electrode 20. Some 
of the ions strike electrode 20 and generate secondary 3S 
electrons. These electrons are stopped from rebound- 
ing and hitting arc chamber 1 4 by suppression electrode 
18, which is maintained at a more negative potential 
than extraction electrode 20. The X-rays that would oth- 
erwise have been generated by the secondary electrons 40 
hitting arc chamber 14 are thus substantially reduced or 
eliminated. The resultant stream of extracted ions form 
an ion beam 36. which travels through downstream 
equipment of the ion implanter toward the target semi- 
conductor (not shown). 45 

Extraction electrode assembly 10 can be displaced 
or nrtoved along three axis to steer and focus ion beam 
36 through a source housing aperture 38. so that the 
majority of the ions pass through aperture 38 and are in 
good alignment with downstream equipment in the ion so 
implanter. 

Referring to FIGURE 2, a top view of suppression 
electrode 18 constructed according to the teachings of 
the present invention is shown. Suppression electrode 
18 includes an electrode suppression plate 40 con- ss 
structed from a material with suitable mechanical, 
chemical, and thermal properties. For example, It is de- 
sirable to use a material that does not warp or have high 



thermionic emissions when subjected to temperatures 
experienced in the extraction chamber. In one embodi- 
ment of the present invention, stainless steel has been 
selected as the material used to fashion electrode sup- 
pression plate 40 therefrom. Electrode suppression 
plate 40 constructed from stainless steel can withstand 
large forces and can be easily cleaned. Conventional 
electrode suppression plates 40 are constructed from 
graphite, which is fragile, easily contaminated, and more 
difficult to clean. 

Electrode suppression plate 40 preferably has a flat 
disc profile and includes a number of through holes 42 
located at predetermined locations for receiving fasten- 
ers therethrough to securely hold electrode suppressbn 
plate 40 in extraction electrode assembly 10 (FIGURE 
1 ). It is obvious that the number, location and size of 
through holes 42, some of which may be countersunk, 
is determined by the nature of the seat or fixture (not 
shown explicitly) that receives suppression electrode 
18. 

A first seat 48 for a first aperture 46 (aperture insert 
not shown) may be provided. In an ion implanter, model 
NV-20A. manufactured by Eaton Corporation, Beverly, 
Massachusetts, aperture 46 is for extracting ions biased 
at a first range of voltage potential, for example, voltage 
levels greater than 30 KeV. Aperture seat 48 may in- 
clude one or more openings 50 for receiving fasteners 
(not shown) to secure the insert therein. 

Also provided is a second aperture 70, which in- 
cludes a seat 76 for receiving an aperture insert. The 
aperture insert is shown in FIGURES 4-6 and described 
in more detail below. Aperture 70 includes an elongated 
opening 72 and at least one opening 74 for receiving a 
fastener (not shown). FIGURE 3 is a cross-sectional 
view of electrode suppression plate 40 along line 3-3 in 
FIGURE 2. Seat 76 extends to the perimeter of elec- 
trode suppression plate 40 to allow the aperture insert 
to be positioned in seat 76 by sliding it from the perimeter 
toward the center of plate 40. 

Referring to FIGURES 4-6. a top, side and cross- 
sectional view of an aperture insert 80 is shown, respec- 
tively. Aperture insert 80 includes a bottom plate 81 from 
which a generally domed aperture portion 86 arises. 
Bottom plate 81 is shaped and sized to slidably engage 
seat 76 formed in suppression electrode plate 40. It may 
be seen that aperture insert 80 may engage seat 76 from 
the perimeter of electrode suppression plate 40 and may 
be slid into seat 76. Once seated, aperture insert 80 can- 
not be removed by turning electrode suppression plate 
40 upside down since the top lip of seat 76 is narrower 
than the bottom. 

At least one opening 82 is formed in bottom plate 
81 of aperture insert, which corresponds in size and po- 
sitbn with opening 74 formed in seat 76 for receiving a 
fastener. The use of a fastener, such as a bolt or screw, 
secures aperture insert 80 to electrode suppression 
plate 40. Opening 74 may be countersunk. The desira- 
ble insert material preferably does not contain elements 
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that are mobile in the semiconductor crystal lattice, such 
as chromium, nickel, and aluminum. Preferably, aper- 
ture insert 80 is fashioned from graphite or any other 
suitable material that is not electrically active in silicon. 

Domed portion 86 of aperture insert 80 includes an 
elongated slit 84 of a predetermined width and length 
for the passage of accelerated ions from the ion source 
to their target. Domed portion 86 is substantially hollow 
with an elongated and domed void 90 that has a gener- 
ally semi-circular cross-section. Void 90 echoes the 
shape of elongated slit 84 and is connected thereto, 
forming a continuous passageway through aperture in- 
sert 80. Dome portion 86 may further have a generally 
curved top surface 92 having a predetermined degree 
of curvature. This curvature is again echoed in the ceil- 
ing of void 90. 

Constructed in this manner, aperture insert 80 may 
be easily replaced by a new insert when it is worn or 
damaged beyond the required specifications. Electrode 
suppression plate 40, because of the strength and more 
durable properties of stainless steel, can be used and 
reused many times as a more permanent fixture with 
replacement aperture inserts.Aperture inserts may be 
replaced without the removal and realignment of the en- 
tire suppression electrode 18, thus reducing the likeli- 
hood of contamination and increase the efficiency and 
speed of system maintenance. Less time and effort is 
also required to pump out the extraction chamber be- 
cause the electrode suppression plate is fashioned from 
a less porous and hydrophilic material than graphite, 
such as stainless steel. As a result, the cost of operating 
the ion implanter is significantly reduced. 

Although the present invention and its advantages 
have been described in detail, it should be understood 
that various changes, substitutions and alterations can 
be made therein without departing from the spirit and 
scope of the invention. 



Claims 

1. A suppression electrode, comprising: 

an electrode suppression plate having an aper- 
ture seat with an opening defined therein; and 
an aperture insert defining an elongated slit, 
said aperture insert being stidabty engageabie 
with said aperture seat such that the said elon- 
gated slit thereof is arranged to be in general 
alignment with said opening in said aperture 
seat. 

2. The suppression electrode, as set forth in Claim 1 , 
wherein said electrode suppression plate is con- 
structed from a metal. 

3. The suppression electrode, as set forth In Claim 1 
or Claim 2, wherein said electrode suppression 



plate is constructed from stainless steel. 

4. The suppression electrode, as set forth in any pre- 
ceding claim, wherein said aperture insert is con- 

5 structed from a material which is non-electrically ac- 
tive in silicon. 

5. The suppression electrode, as set forth in any pre- 
ceding claim, wherein said aperture insert is con- 

10 structed from graphite. 

6. The suppression electrode, as set forth in any pre- 
ceding claim, wherein said aperture insert compris- 
es: 

15 

a bottom plate arranged to be slldably engage- 
able with said aperture seat; 
a domed portion defining an elongated void and 
arranged to extend substantially the length of 
20 said opening in said aperture seat, said domed 

portion further defining said elongated slit 
through the top of said domed portion and in 
communicatbn and substantial alignment with 
said elongated void. 

25 

7. The suppression electrode, as set forth in claim 6, 
wherein said bottom plate, when seated in said ap- 
erture seat, extends to the perimeter of said elec- 
trode suppression plate. 

30 

8. The suppression electrode, as set forth in any pre- 
ceding claim, wherein said suppression electrode 
plate is constructed of a material selected for 
strength and durability. 

35 

9. The suppression electrode, as set forth in Claim 1 2, 
wherein said bottom plate, when seated in said ap- 
erture seat, extends to the perimeter of said elec- 
trode suppression plate. 

40 

10. The suppression electrode, as set forth in any pre- 
ceding claim, wherein said elongated slit Is ar- 
ranged to be in general alignment with said opening 
in said aperture seat, such that in use, accelerated 

45 ions may pass therethrough. 

11. A suppression electrode, comprising: 

an electrode suppression plate constructed of 
so stainless steel, said electrode suppression 

plate having an aperture seat with an opening 
defined therein; and 

a disposable aperture insert constructed from 
graphite and defining an elongated slit, said ap- 
55 erture insert arranged to be slidably engagea- 

bie with said aperture seat, such that said elon- 
gated slit thereof is arranged to be in general 
alignment with said opening in said aperture 
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seat. 

12. The suppression electrode, as set forth in Claim 11, 
wherein said aperture insert connprlses: 

5 

a bottom plate arranged to be slidably engage- 
able with said aperture seat; 
a domed portion defining an elongated void ex- 
tending substantially the length of sard opening 
in said aperture seat, said domed portion fur- 70 
ther delining said elongated slit through the top 
of said domed portion and in communication 
and substantial alignment with said elongated 
void. 

15 

13. The suppression electrode, as set forth in Claim 12, 
wherein said bottom plate, when seated in said ap- 
erture seat, extends to the perimeter of said elec- 
trode suppression plate. 

20 
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(54) Semiconductor processing apparatus 

(57) A suppression electrode assenibly (18) com- 
prises an electrode suppression plate (40) constructed 
of a material having substantial strength and durability 
and has an aperture seat (76) with an opening (72) de- 
fined therein. An aperture insert (80) constructed from 



graphite is sirdably engageable with the aperture seat 
(76). The aperture insert (80) defines an elongated slit 
(84) which is in general alignment with the aperture seat 
opening (72) when the aperture insert (80) is installed 
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